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R725strains substantially preceded the
radiation of pea aphid host races onto
their various plants. This pattern
implies that much of the symbionts’
evolutionary history has taken place
outside of pea aphid in other insect
hosts. Pea aphid has likely acquired
multiple strains of the symbionts from
different interspecific sources. In the
future, it may prove exciting to extend
this work to other insect species within
pea aphid’s various ecological
communities. In so doing, wewill gain a
much fuller picture of the interspecific
genetic exchange network among
eukaryotes, as facilitated by secondary
bacterial symbionts.References
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Given New LifeA new study combining behavioral and physiological approaches has given
new life to the old idea that the hippocampus is critically involved in
familiarity-based recognition memory.Robert E. Clark
The term ‘declarative memory’ refers
to our capacity to consciously
remember facts and events. This is
the type of memory that one ordinarily
refers to when colloquially using the
word ‘memory’. For example,
declarative memory is required for
rememberingwhatyouhad forbreakfast
thismorning, aswell as for remembering
what the word ‘breakfast’ means. One
of the most widely studied examples
of declarative memory is recognition
memory. Recognition memory is the
capacity to judge that an item has been
previously encountered. This type of
memory is thought to consist of two
components: recollection andfamiliarity. Recollection involves
remembering specific contextual details
about a prior learning episode;
familiarity involves simply knowing that
an item has been presented previously
without having available additional
information about the learning episode.
The neuroanatomy underlying these
components of recognitionmemory has
been an active topic of debate for more
than a decade. One prominent view
holds that recollection depends on
the hippocampus, whereas familiarity
depends on the adjacent perirhinal
cortex [1]. Another view holds that
the hippocampus and perirhinal
cortex are involved in both familiarity
and recollection [2]. A clear prediction
of the first view is that memory tasksrequiring only familiarity-based
judgments should be spared after
selective hippocampal damage
and impaired after damage to the
perirhinal cortex. Indeed, a substantial
literature involving lesions, single-unit
recordings and neuroimaging is
consistent with this view [3].
A compelling component of this
literature is the numerous studies
reporting spared familiarity-based
recognition memory in animals with
selective hippocampal damage or
disruption [4]. In this issue of Current
Biology, Cohen et al. [5] challenge this
perspective by reporting in a series
of eleven experiments that reversible
disruption of the mouse hippocampus
during memory encoding, retention
or retrieval profoundly impairs
performance on the novel object
recognition task — a task that
can be accomplished using only
familiarity-based recognition memory.
These findings were obtained even
when potential spatial confounds were
eliminated. Further, the authors found
that extracellular glutamate efflux in the
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Figure 1. Schematic view of the primary connections of the hippocampus.
The hippocampus (highlighted in red), defined here as the dentate gyrus (DG), CA3, CA1, and
subiculum (S), is anatomically situated to receive highly processed information from wide-
spread neocortical regions through three temporal cortical areas, the entorhinal, perirhinal,
and parahippocampal cortices (in the rat, the term postrhinal cortex replaces the term para-
hippocampal cortex), as well as through other direct projections to the entorhinal cortex
from areas outside the temporal lobe. The figure shows a simplified view of the way in which
information enters the hippocampus from the superficial layers (II and III) of the entorhinal cor-
tex and then flows in a largely unidirectional feed-forward direction to the deep layers of
entorhinal cortex (IV and V). The medial entorhinal cortex is densely connected with the post-
rhinal cortex and is specialized for spatial information, while the lateral entorhinal cortex is
densely connected with the perirhinal cortex and is specialized for object information. These
two processing streams are primarily combined when they reach the hippocampus.
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R726hippocampus and the firing properties
of hippocampal neurons during
performance of the recognition
memory task are consistent with the
involvement of the hippocampus in
familiarity-based recognition memory.
Early Insights into the Anatomy
of Memory
On September 1, 1953 at Hartford
Hospital in Hartford Connecticut, theneurosurgeon William Scoville excised
bilaterally the medial temporal lobes of
a patient with severe epilepsy. The
surgery was an attempt to reduce the
severity of the patient’s seizures, and in
this regard the surgery was a success.
The bilateral removal of the medial
temporal lobes, however, also left the
patient with profound amnesia. The
subsequent systematic evaluation
of this patient, known now as H.M.,ushered in the modern era of memory
research. Work with H.M. and with
other patients with similar damage
has established four fundamental
principles of memory [6]. First, memory
is a distinct cerebral ability, in large part
separate from other cognitive functions
such as perception, intelligence,
personality and motivation. Second,
only long-term memory is disrupted
because information could be
maintained and utilized for a short time
in working memory. Third, medial
temporal lobe structures are not the
ultimate repository of long-term
memory, because remote memory
remained largely intact. Fourth, despite
the debilitating and pervasive memory
impairment, motor skills memory could
still be acquired — providing the first
clues that memory is not a single
phenomenon [7].
At the time that H.M. was first
described [8], there was some
evidence to suggest the hippocampus
might be the critical structure for
the memory impairment. However,
although the term ‘hippocampus’ was
used in the title of the classic 1957
paper [8], the authors explicitly noted
that the specific contributions of
the hippocampus to the memory
impairment must remain tentative
because other structures were also
damaged by the surgery, including
the amygdala and cortical regions
adjacent to the hippocampus and
amygdala. Accordingly, efforts began
almost immediately to develop an
animal model of medial temporal lobe
amnesia.
An Animal Model of Recognition
Memory
Despite rapid and vigorous efforts to
develop an animal model of H.M.’s
amnesia, an animal model would not
be achieved for more than 20 years.
The primary difficulty was that, during
the 1960s and 1970s, it was not yet
appreciated that different learning and
memory tasks could be supported
by different brain systems [9]. Many
of the tasks given to animals with
hippocampal lesions were ones that
they could learn as a skill or habit, even
if humans tended to learn the task by
memorizing the material. Establishing
an animal model of human memory
impairment would require developing
tasks for animals that assessed the
same kind of memory that is impaired
in humans after medial temporal lobe
damage [10].
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R727The key development was the
creation of a ‘one-trial’ test of
recognition memory, where monkeys
were first trained to select an object
that was previously encountered
(delayed matching-to-sample, DMS)
or, in another version, select a
novel object that was paired with a
previously encountered object
(delayed nonmatching-to-sample,
DNMS). Because new objects were
used on each trial, animals were
prevented from solving the task
gradually using habit memory. In
1978, it was reported that monkeys
with lesions designed to mimic H.M.’s
damage exhibited a similar memory
impairment profile to H.M. when
tested on the DNMS task [11]. This
study signaled the successful
development of an animal model of
recognition memory in the monkey
and led eventually to the identification
of the structures comprising the
medial temporal lobe memory system
[12]. The model was also extended
to include rodents, and in the
rodents the DMS and DNMS tasks
were eventually supplanted by one-trial
spontaneous recognition memory
tasks [13,14], similar to the one
used by Cohen et al. [5] in their
new work.
The Anatomy of Recognition Memory
The system of brain structures
important for memory includes
the hippocampus and the adjacent
entorhinal, perirhinal and
parahippocampal cortices (Figure 1).
While the hippocampus was the early
focus for most of the work with
the animal model, it was eventually
discovered that selective damage to
the cortical regions adjacent to
the hippocampus, particularly the
perirhinal cortex, produced more
profound recognition memory
impairments than selective damage
to the hippocampus itself (for review
see [13]). As noted above, it has
become common in modernformulations to deemphasize the
role of the hippocampus in
familiarity-based recognition memory
performance [3,4,15–17]. Thus, the new
work of Cohen et al. [5] is timely and
makes the important observation that
the hippocampus itself appears to be
critically involved in familiarity-based
recognition memory.
Summary
One way to view the function of
the hippocampus is that it sits
at the end of a processing hierarchy
of the medial temporal lobe, receiving
input from both the perirhinal and
parahippocampal cortices, largely
by way of the entorhinal cortex. Guided
by the anatomy, it seems reasonable
that the hippocampus extends and
combines functions performed by the
structures that project to it. By this
view, the hippocampus and other
structures of the medial temporal
lobe, like the perirhinal cortex, work
together in a cooperative and
complementary manner [18]. Finally,
the work by Cohen et al. [5] and others
[13,18] suggest that the anatomy
of familiarity-based and
recollection-based recognition
memory may not be a straightforward
anatomical dichotomy. To understand
the substrates of recognition memory
more precisely it will be important
to continue to develop methods to
determine how tasks are approached
and to identify the critical information
that is used to support performance.
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